Abstract. We measured the two-week household-level economic impact of insecticide (permethrin)-treated bed nets (ITNs) used to prevent malaria among children less than five years of age in Asembo, Kenya. The ITNs induced a two-week reduction of 15 Kenyan shillings (KSH) (U.S. $0.25; P < 0.0001) in health care expenditures, but a statistically insignificant 0.5 day (P ‫ס‬ 0.280) reduction in household time lost due to caring for sick children. The equivalent annual threshold cost was estimated at U.S. $6.50 (95% confidence interval ‫ס‬ 3.12-9.86). If the actual purchase price and maintenance costs of ITNs were greater than this threshold, then households would pay more than they would save (and vice-versa). Both seasonal effects and number of children per household had larger impacts than ITNs on health care expenditures and time lost from household activities. Health care expenditures by a household without ITNs and one child were only 32 KSH per two weeks (U.S. $0.50; P ‫ס‬ 0.002), leaving little opportunity for household-level, ITNinduced direct savings. The widespread adoption of the ITNs will therefore probably require a subsidy.
INTRODUCTION

Gallup and Sachs
1 recently reargued that malaria and poverty are intimately connected and estimated that in 1995, countries with intensive malaria had income levels that were 33% lower than similar countries without malaria. In subSaharan Africa, the 1998 average annual per capita gross national product was approximately U.S. $1 per person per day. 2 Such poverty is an important constraint when considering options to prevent and effectively treat cases of malaria. Four trials in sub-Saharan Africa conducted in the 1990s demonstrated that the potentially cheap technology of insecticide (permethrin)-treated bed nets (ITNs) can reduce malariarelated mortality in children by approximately 15-33%. [3] [4] [5] [6] This paper is part of a series of papers 7 reporting results from a fifth trial of ITNs, this time in an area in western Kenya with intense year-round transmission of malaria. Even though the results from this trial showed that the use of the ITNs can reduce infant mortality and morbidity, 8, 9 the poverty of Africa makes it essential to consider the economics of using the ITNs. Several studies [10] [11] [12] [13] [14] [15] have examined the economics of using ITNs in Africa (see Goodman and Mills 16 for a review), but most considered ITN use from either a societal or government program perspective and often did not consider the resources saved when a case of malaria is prevented (i.e., did not calculate net costs). Aikins and others 13 provide one of the few cost-effectiveness studies, from a societal perspective, to measure and calculate net costs associated with using ITNs. Brinkmann and Brinkmann 17 produced costbenefit analyses of ITNs using a household perspective. However, their model used previously published data as opposed to conducting a statistical analysis of prospectively collected data. Only two studies 18, 19 have considered the householdlevel contingent valuation (willingness-to-pay) 20 for ITNs, and one study examined the household-level willingness-topay for insecticide impregnation. 21 Mills 22 noted the lack of studies with a household perspective when she wrote that it is ". . . common to find [economic] studies neglecting consideration of household costs, yet these may influence strongly each household's willingness to participate in a [ITN] programme. " We therefore analyzed prospectively collected data to determine to what extent the use of ITNs reduced householdlevel health care expenditures and time lost from important activities (e.g., work in the fields) due to caring for sick children.
MATERIALS AND METHODS
Economic perspective and conceptual model. We examine from the perspective of the household the costs and benefits of using ITNs to reduce morbidity among children less than five years of age. Although the use of ITNs reduced the mortality by approximately 23.5% among infants 1-11 months old, 9 the project was too short-term to effectively measure the household-level economic impact of such reduced mortality. Some investigators 23, 24 have used the human capital approach to value an infant death. Such a valuation, however, is essentially a societal-level assumption, not an actual measurement of household-level lost resources. Unfortunately, it would take a long time, perhaps even decades, to accurately measure exactly how families changed their resource allocations, and number of pregnancies, in response to ITN-induced reductions in infant mortality rates.
Since the bed nets were impregnated, distributed, and reimpregnated free of charge by research project personnel, we had no local market prices for either the bed nets or their maintenance (re-impregnation). Thus, we could only calculate the household-level threshold cost as defined in the following equation:
Household-level threshold cost bed net+ maintenance = ITN-related reductions in direct household medical costs + value of ITN-related reduction in time lost from household activities due to caring for sick children maintenance costs were greater than the calculated threshold, then the households would pay more than they would save (and vice-versa). Since we collected data covering two-week periods only, we initially calculated a threshold cost for a two-week use of ITNs. We then estimated an annual threshold cost by multiplying the two-week period threshold by a factor of 26. Since the calculated threshold values covered a period of two weeks or one year, we did not discount any costs or benefits. 20 ITN trial. The details of the design and execution of the trial are provided by Phillips-Howard and others. 7 Briefly, data reported in this paper were collected from the Asembo area (Bondo district) in Kenya on the eastern shore of Lake Victoria. The area has intense year-round risk of malaria transmission, and a person living in Asembo could have 60-300 malaria-infected mosquito bites per year. 12 In 1996, Asembo had approximately 55,000 people living in 79 villages. Through a public lottery, all households in 40 of these villages were identified to receive free ITNs sufficient to cover all sleeping spaces at an initial coverage ratio of 1.34 persons (all ages) per ITN. The polyester bed nets (Siamdutch Mosquito Netting Co., Bangkok, Thailand) were treated with permethrin insecticide (55% Peripel; AgrEvo, Berlin, Germany) such that each bed net received approximately 500 mg/m 2 of insecticide. The project protocol included free insecticide re-treatment of bed nets at approximately six-month intervals. Households in the control villages were given ITNs at the end of the project in early 1999.
Cross-sectional surveys. We used data collected from crosssectional surveys conducted 14 and 22 months (FebruaryMarch and November-December 1998, respectively) after ITNs were distributed (see ter Kuile and others 8 for details). The two surveys used a simple random sampling method with households as the sampling unit. Before the February-March survey, 60% of all households in the villages were randomized to participate in either the first or the second survey. This design ensured that a household would only participate in one survey. In the first survey, children less than 36 months old were selected for clinical examination, while the economic questionnaire referred to all children less than five years old in the household. For the second survey, all children less than five years of age were invited for the clinical examination. To avoid bias, we excluded households from the second survey data set who only had children older than 36 months.
Educational data and health care expenditures. The interviews collected information on the number of persons and ages of all the children in the household. The education levels achieved by both the caretaker and the head of household were also recorded. Because even experienced health care professionals can find if difficult to correctly diagnose malaria, interviewers asked for all health care expenses for all illnesses related to treating children less than five years of age in the two weeks prior to the interview. Expenses were categorized as follows: medicines; doctor or clinic fees; laboratory (e.g., needles, syringes, tests); traditional healer (for fees, herbs, etc.); and other items such as travel costs associated with obtaining health care. Respondents were asked to place a monetary value on any items given in barter for goods or services related to health care for sick children.
Time lost from household activities. Respondents were asked to list up to two persons who, during the two weeks prior to the interview, looked after any sick children. The answers were coded into one of the following options: mother, father, grandparent, aunt, co-wife, sibling, and other. The respondents were then asked to list up to two main activities that the caretaker missed while caring for sick children, with the answers coded into one of the following groups: work in fields (shamba); house; market selling; salaried work; school (for caretaker); and other. Respondents were also asked to estimate, in days and half days, the total amount lost from the activities missed due to caring for sick children less than five years of age. Finally, respondents were asked if they paid, and how much they paid, a non-household member to do some of the activities that a household member missed due to caring for a sick child.
Wealth index. A rural household in Africa typically receives income in the form of cash and bartered goods and services, which can vary by season (see Ettling and others 25 for examples of income diversity). Furthermore, as Onwujekwe and others found in Nigeria, 18 respondents might be unwilling to provide satisfactory data about household income. Thus, as a proxy for household income available to pay for health care, we constructed a household-level wealth index. The wealth index contains a valuation of the material used to construct the roof and walls of the house, the value of a selection of household durable goods (radio, bicycle, sofas, lanterns), and livestock (cattle, goat, sheep, chickens, and donkeys). These items represent both medium-to-long term household-level investments (e.g., Ն 3-10 years), and a wide range of acquisition costs. Information on variability of ownership between households was also included in the index. Appendix 1 contains further details related to the construction of the index, plus an index constructed using data collected during a baseline survey conducted just before the bed nets were distributed (February-March 1996) .
Distances to nearest clinic. Hand-held global positioning units were used to obtain spatial co-ordinates of all the households and clinics in the survey. These data were then analyzed using geographic information systems software (ArcView, Version 3.2, 1999; Environmental Systems Research Institute, Inc., Redlands, CA) to provide measurements of the linear distance in meters from a household to the nearest clinic.
Chronic conditions. Chronic health problems, such as anemia and stunted growth, can be caused by factors other than malaria and be an important reason for parents to seek health care for their children. We thus measured hemoglobin levels in the children, and defined any child with a hemoglobin level < 7.0 g/dL to have severe anemia. 8 Underweight and stunted growth was evaluated using weight-for-age and height-for-age scores, respectively. If a child had either a height-for-age or a weight-for-age score that was > 2 standard deviations smaller than the relevant age-adjusted standardized mean, then that child was classified as stunted or underweight, respectively.
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Statistical analyses. Basic models. After producing descriptive statistics of each variable, we analyzed the data using two regression models. The first model had total household health care expenditures on sick children less than five years of age in a two-week period as the dependent variable. The other model had as the dependent variable the total time lost from activities (e.g., working in the fields, housework) by adults and siblings in a two-week period due to caring for a sick child less than five years of age.
Each model considered the impact of the following variables upon the dependent variable: presence/ absence of ITNs; number of children less than five years of age in the household; the presence of one or more children in the household with severe anemia, underweight, or stunted growth; the total years of education completed by the caregiver and head of household; average age of children who are less than 30 months of age (this identified households with only very young children); household wealth index; distance from household to nearest clinic; and, survey (first or second).
The intercept term from each regression equation represents the amount spent (or time lost from activities) by a baseline household. The baseline household for both models was a household without ITNs, one child between 30 months and 5 years of age, household-level health care expenditures (or time lost for activities) recorded during the NovemberDecember 1998 survey, and the caregiver and head of household having completed more than 20 years of education (>12 years when time lost was the dependent variable). The impact of each variable is then added or subtracted (depending on the sign of the coefficient) to the amount spent (or time lost) by the baseline household.
The data describing both the total household-level expenditures on health care and the time lost from activities were very skewed and non-normal. We could not transform these data, so that they had normally distributed values with homogenous variances, preventing us from applying standard linear regression techniques. 26 We thus used the nonparametric technique of quantile regression (Stata software; Stata Corp., College Station, TX) in which we minimized the sum of absolute residuals using the median values of the variables. 26, 27 In linear regression, coefficients for the independent variables are estimated so that sum of the squared residuals is minimized, i.e., min ∑ (y i -ŷ i ) 2 , where ŷ i is the estimated value of the dependent variable (at the i th observation) using the values of the coefficients for the independent variables. In quantile regression, we minimize the sum of absolute residuals as follows: min ∑ | y i -(x i , ␤)| , where Table 1 ). The lower end of this range is equivalent to one thatch and mud plus wood pole house, one cow, one sofa, and a bicycle (see Appendix 1).
Amounts spent on health care costs. Most (64-76%) of the households reported health care expenditures on children in the two-week period covered by the surveys ( Table 2 ). The * The first survey was conducted during February-March, 1998, and the second survey was conducted during November-December, 1998. † Average in months of the household-level average age of children who are Յ5 years old. ‡ Percentage of households that had Ն1 child < 5 years of age, with a hemoglobin (Hb) level < 7 g/dL, defined in this study as marked anemia. See Materials and Methods for further details. § Percentage of households that had Ն1 child < 5 years of age with a weight-to-age Z-score (WAZ) that was 2 standard deviations less than the normalized mean for the appropriate age group (Z-score).
¶ Percentage of households that had Ն1 child < 5 years of age with a height-to-age Z-score (HAZ) that was 2 standard deviations less than the normalized mean for the appropriate age group (Z-score).
# Average total number of years of schooling reported to have been completed by the primary caregiver and the head-of-household (with 5th and 95th percentiles). two most common expenditure categories were medicines (54-61% reporting) and clinic fees (15-26% reporting). Among those households that reported paying for health care, clinic fees represented more than 80% of those expenditures (Table 2) . A relatively low number of households reported paying traditional healer fees (7-17%) ( Table 2 ). The frequency distributions of the total household health care expenditures over a two-week period (both surveys combined) for sick children less than five years of age are clearly nonnormal ( Figure 1 ). This implies that the mean expenditure is not very representative of the typical household expenditure on health care for children.
Productivity losses due to caring for a sick child. When listing two persons who cared for sick children, approximately 90% first identified mothers, and approximately 45% mentioned "other" when listing a second caregiver. When listing two household activities missed while caring for sick children, approximately 60% of respondents identified field work (shamba) as their first choice. Market selling and other were the most commonly listed second activity. Most (67-75%) of the households reported an average of 5-6 days of household activities lost (Table 3) . Only 3-5% of interviewed households reported paying a non-household member to do activities missed by a household member who was caring for a sick child (Table 4) . We were unable to determine if the paid labor completely replaced all the household-reported time lost from activities. The frequency distributions of the total household time over a two-week period (both surveys combined) The median estimates of costs refer to expenditures for all illness, calculated using entire sub-sample. The first survey was conducted during February-March, 1998, and the second survey was conducted during November-December, 1998. † Lab items refers to items such as syringes, latex gloves, etc., as well as any laboratory tests that the doctor may order and charge separately. ‡ Although anecdotal evidence suggests that many traditional healers in southern and eastern Africa now readily accept and even demand cash payments, many transactions with such healers are still paid in the form of goods (such as chickens) or services. Both surveys attempted to account for any goods or services bartered in the two weeks prior to the interview in exchange for a healer's services by asking the respondents to place a KSH value on the items that they exchanged. § Other items: respondents were asked to place a KSH value on items such as food and travel costs spent as part of treating a sick child, < 5 years of age, in the two weeks prior to the interview. ¶ The % of respondents reporting a total > KSH 0 spent in treating a sick child < 5 years of age is not equal to the sum of the five categories of expenditures (medicine, doctors fees, lab items, traditional healers, and other items). This is because many respondents reported expenditures in more than one category, while some reported expenditures in only one category.
lost from activities while caring for sick children less than five years of age are also non-normal (Figure 2) .
Multivariate regression of household health care expenditures. Variables that had a P value > 0.25 were defined as statistically insignificant and removed from the final model examining household-level health care expenditures. The variables removed were those defining the presence of underweight or stunted children or severe anemia, the household wealth index, and distance from house to nearest clinic. In the final model (Table 5) , the baseline household (no ITNs, one child, and caregivers with more than 20 years of education) had median health care expenditures of KSH 32 (95% confidence interval [CI] ‫ס‬ 12-52, P < 0.002). In contrast, a household with no ITNs, four children, and caregivers who had less than 20 years of education, and whose expenditures were measured during the first survey (February-March) would spend a median of KSH 94 (Table 5 ). The presence of ITNs was associated with a median reduction in baseline costs of KSH 15 (95% CI ‫ס‬ 23-7, P < 0.0001) ( Table 5 ). All remaining variables, except the variable labeled average age of children in household Յ 30 months, had a larger impact on health care expenditure than ITNs (Table 5 ). The regression had a pseudo R 2 of 0.03, indicating that there was a great deal of variability unexplained by the estimated coefficients.
Multivariate regression models of time lost from activities. Variables that had a P value > 0.28 were defined as being statistically insignificant and removed from the final model examining time lost from household activities due to caring for sick children. The variables removed were the same as those removed from the health care expenditure model (see previous section). The baseline household (no ITNs, one child, and caregivers with less than 12 years of education) lost five days (95% CI ‫ס‬ 3.4-6.6, P < 0.0001) from activities while caring for a sick child ( Table 6 ). The largest median number of days lost was 7.5 days, occurring among households with no ITNs, four children, and caregivers having less than 12 years of education (Table 5 ). The presence of ITNs reduced this loss by an average of 0.5 days (95% CI ‫ס‬ −1.4-0.4), but this was not statistically significant (P < 0.262) ( Table 6 ). The single most important determinant of time lost from activities was time of survey. Time lost during the first survey was 2.5 days less (95% CI ‫ס‬ −3.7 to −1.3, P < 0.0001) than time reported lost during the second survey ( Table 6 ). The regression procedure for time lost had a pseudo R 2 of 0.04. Household level economic threshold. Because there was no statistically significant ITN-induced reduction in time lost from activities, our calculated two-week, household-level threshold price for bed net and maintenance consists of only the ITN-related reductions in health care expenditures of KSH 15 (95% CI ‫ס‬ KSN 23-7). Using 1998 exchange rates, this is approximately equivalent to U.S. $0.25 per two-week period (95% CI ‫ס‬ U.S. $0.38-$0.12), or the equivalent of U.S. $6.50 for a 12-month year (95% CI ‫ס‬ U.S. $3.12-$9.86).
DISCUSSION
In 1996, few stores in the Asembo area sold bed nets. Since then, possibly because of the ITN trial, more stores are selling both the bed nets and insecticides for impregnation. We conducted an informal survey in March 2002 and found that the unsubsidized cost for a 4Ј × 6Ј net ranged from KSH 310 to KSH 650 (U.S. † The average and median amounts are calculated just from those household reporting payment to non-household members to do household-related activities while household members look after a sick child. We were unable to obtain an estimate of the number of days that the non-household members actually worked. A plausible upper limit would be the number of days reported lost by household members while caring for a sick child.
‡ Median time reported lost by those identified as caring for a sick child < 5 years of age and whose households also reported paying a non-household member to do some of the household-related activities. † Average time reported lost just for those who actually reported time lost (i.e., not averaged across the entire sample).
The review of Brinkmann and Brinkmann 17 found the cost of a net ranged from U.S. $3.00-$72.00, with the annual cost of insecticide impregnation ranging from U.S. $0.50 to U.S. $2.00 (apparently in 1992 and 1993 prices). Nuwaha 28 recently reported that in Uganda, unimpregnated bed nets cost approximately U.S.$6-$12, and impregnated nets cost U.S. $12-$18.
During the trial, each ITN-using household had an average of 2.2 ITNs. Using the prices from our informal survey, this is equivalent to an annual (undiscounted) cost of U.S. 54 per year estimate was calculated in a similar manner using the largest costs. Differences in net size, number of nets, actual net life, and number of annual insecticide treatments may alter actual costs. These estimates are very similar to those estimated by Brinkmann and Brinkmann, 17 who calculated annual household-level costs to range from U.S. $2.98 to U.S. $13.60 (averaged over three years, with nets lasting between 1.3 and 6 years). If one compares these costs to our estimated threshold of U.S. $6.50 per year, the most optimistic assessment of the household-level impact of the ITNs is that, if ITNs saved households money, the savings would likely be less than U.S. $1.00 per year (i.e., approximately breakeven). It is quite probable that the annual household-level cost of bed nets and their maintenance will actually be greater than what a household would save from ITN-induced reductions in malaria-related health care expenditures. The threshold may have been increased (increasing the probability of saving money) if we had measured any reductions in expenditures and time lost due to adults being ill. Conversely, we calculated our threshold using data from a controlled trial. The effectiveness of ITNs in a nonexperimental setting may well be lower than what we measured due to lower levels of coverage and adherence to proper use, and less efficient net maintenance and reimpregnation. Lower levels of effectiveness will reduce the threshold level, making savings more unlikely. Seasonal effects may also reduce the threshold. March, 1998 , and the second survey was conducted during November-December, 1998. Regression coefficients were estimated after 1,500 iterations using 1,495 observations. Raw sum of deviations from the median ‫ס‬ 152,997. Minimum sum of deviations from the median ‫ס‬ 148,744. "Pseudo" R 2 ‫ס‬ 0.03. HH ‫ס‬ head of household. † The following variables were dropped from the final equation: One or more children in household with a critical weight-for-age Z-score, one or more children in household with a critical height-for-age Z-score, one or more children in household with a hemoglobin level < 7 g/dL, indicating marked anemia, household wealth index, and distance from house to clinic. See Results for further details.
‡ Impact refers to the baseline household, with the presence of each subsequent variable adding or subtracting to the value of the baseline. § Expenditures related to all illnesses, not just malaria-induced. ¶ Baseline refers to households with no ITNs, one child < 5 years of age, the caregiver and head of household had > 20 years of education between them, using data collected in second survey (Nov-Dec 1998). Two reasons why we measured such a low threshold cost were that we could not find a significant reduction in time lost from activities, and that the households in the study are very poor. The poverty of the households is demonstrated by the fact that many households have very few, or none, of the items included in the wealth index (see Appendix 1) . Poverty is also demonstrated by considering the fact that baseline households typically spent very little, in absolute terms, on children's health care: the baseline household spent U.S. $0.50 (95 CI ‫ס‬ U.S. $0.20-$0.87) per household per two-week period.
The idea that the use of ITNs would not result in savings is not unique. Aikins and others, 13 using a societal perspective, found that the use of ITNs in The Gambia resulted in a net cost, regardless of the type of outcome used for evaluation (e.g., child-death averted, child-illness averted, life year gained, per capita economic impact). Brinkmann and Brinkmann 17 estimated that the use of ITNs in Malawi and Cameroon would result in a net savings to a household. However, they obtained their estimates from a model that combined data from a variety of sources and contained a number of assumptions. In contrast, we obtained our results from statistical analyses of prospectively acquired data. One assumption that they made that was notably different from our study was that ITNs would reduce the average number of episodes of malaria in a Malawian household (average size ‫ס‬ 3 adults and 1.3 children) from 21.4 to 8.6 episodes per year (4.6 fewer cases in children and 1.9 fewer cases in adults). We did not measure the impact of the ITNs on adults in the households. Furthermore, although we measured a statistically significant, ITN-associated reduction in clinical malaria of approximately 44%, that measurement had 95% CIs of 6-66%. 8 Brinkmann and Brinkmann did not allow for such a large variance in reduced morbidity. Another assumption that they made was that each reduced episode would save the household from losing 1.2 days of activities due to caring for a sick child. We did not find, by direct measurement, any statistically significant, ITN-induced reduction in the time lost from activities due to caring for sick children.
Perhaps one of our most important economic findings was that the use of the ITNs did not impact the time lost from household-related activities due to caring for a sick child. There could be a variety of reasons for this result, including the fact that the use of ITNs was associated with rather small reductions in parent-perceived episodes of all-cause illness in children. 8 Compared with the November-December period (the second survey), parents were willing and able to spend almost double (an additional KSH 25 or U.S. $0.42) on health care in February-March (Table 5) . Additionally, in February-March, they cut in half (by 2.5 days) the amount of time spent caring for sick children in November-December (Table 6 ). Thus, compared with November-December, during the FebruaryMarch period, households substituted resources spent on health care for time lost from activities such as working in the fields. The reason for this substitution is that January-March is when household members, both male and female, are busy preparing the land (plowing) and planting crops in anticipation of the long rainy season that typically occurs from March through May. 29 During the two periods surveyed, households thus allocated their resources in a manner that indicated that returns to labor in the field were likely to be greater in February-March. Note that this argument does not rely on actual productivity, which may be affected by variations in rainfall, and income from the field (which we did not measure). Rather, the argument rests on the potential for returns from labor-based investment. In agricultural production, farmers have to invest a great deal of labor in terms of preparing the field, etc., before they know what the returns will be. Mwabu, 30 who collected data on the impact of malaria in eastern Kenya, also noted a seasonal difference in the value of time, with labor in the wet season being valued three times more than labor in the dry season.
Another important aspect of the seasonal effect is that it was larger than any ITN-related impact on household economics. Furthermore, there may be more than one seasonal effect. Although malaria is transmitted year-round in the Asembo area, 31 the risk of contracting malaria decreases (but * If respondents reported a sick child in the household during the two weeks prior to the interview, they were asked what activities did the caregiver(s) miss because of the illness and how much total time, in days or half days, was lost from activities. The first survey was conducted during February-March, 1998, and the second survey was conducted during November-December, 1998. Regression coefficients were estimated after 1,500 iterations using 1,182 observations. Raw sum of deviations from the median ‫ס‬ 3,797. Minimum sum of deviations from the median ‫ס‬ 3,662. "Pseudo" R 2 ‫ס‬ 0.04. HH ‫ס‬ head of household. † The following variables were dropped from the final equation: One or more children in household with a critical weight-for-age Z-score, one or more children in household with a critical height-for-age Z-score, one or more children in household with a hemoglobin level < 7 g/dL, indicating marked anemia, household wealth index, and distance from house to clinic. See Results for further details.
‡ Impact refers to the baseline household, with the presence of each subsequent variable adding or subtracting to the value of the baseline. § Baseline households had no ITNs, one child < 5 years of age, and the caregiver and head of household had > 12 years of education between them, using data collected during the second survey (Nov-Dec 1998).
does not disappear) during the drier seasons (e.g., June and July). We did not conduct a survey during the drier season, but it is possible that there may be a decrease in the household-level impact of malaria during the drier season. If this were true, then the estimated threshold value of $6.50 (annual equivalent) may be too high, making it even more probable that households will not save resources if they use ITNs.
Notable seasonal variations in the household-level impact of malaria can have important policy implications. For example, Mills and others, 21 when conducting a willingnessto-pay study for insecticide used to impregnate bed nets in The Gambia, noted that ". . . . where malaria transmission is seasonal, impregnation is required just before the rainy season, which is when households are likely to be most short of cash." Public health policy makers may have to concede, therefore, that the amount that households can pay for any malaria intervention is likely to vary with the seasons. Thus, large-scale marketing of ITNs and other malaria interventions will probably have to adjust the prices of the intervention(s) to match the amount that the parents will be willing (or able) to pay in the drier season (i.e., subsidize the bed nets or the insecticide or some combination). Other investigators have also noted the need for some subsidization to improve the adoption rate of insecticide-impregnated bed nets. 12, 13, 15, 18, 19, 21, 28, 32, 33 In summary, the ITN trial in Asembo, western Kenya has demonstrated that permethrin-treated bed nets can significantly reduce malaria-related mortality and morbidity in children. 8, 9 The data in this report have shown that most of the people living in Asembo are very poor, and spend very little, in absolute terms, on children's health care. Thus, there is very little opportunity for the households to save money by using ITNs. National and international public health agencies should acknowledge that the widespread adoption and appropriate use of the ITNs will probably require a subsidy, allowing for seasonal effects.
INTRODUCTION
In observing the impact of insecticide-impregnated bed nets upon household-level healthcare expenditures, the level of household income may dictate the level of initial, or nonbed net, healthcare expenditures. We hypothesized that relatively poorer people may save less as a result of using bed nets simply because they are too poor to spend very much on healthcare without the bed nets. Thus, in our statistical analysis of the data recording the levels of healthcare expenditure with and without bed nets, we wished to control for differing levels of household income. A rural household in Africa, however, typically receives "income" in the form of cash and bartered goods and services. Further, the sources of cash, goods, and services can vary widely by household and season. The seasonal and irregular nature of this income make it very difficult to actually measure a household's income. Faced with difficulties in recording income, we chose to construct an index representing the wealth of a household. We then used this index as a proxy for measuring the impact of available income upon healthcare expenditures in households with and without bed nets. 1 
METHODS
Objectives. For a variety of reasons, we did not have the resources to conduct an exhaustive inventory of each household's possessions. Thus, our objective in constructing a wealth index was to record the presence of a limited number of items owned by a household. The presence of these items in a household would represent the relative, but not absolute, level of wealth at the time of the interview. We wanted the items on the list, as a group, to fulfill the following criteria: 1) represent medium-to-long term investments (i.e., 3-Ն10 years) with a relatively wide range of acquisition costs; 2) reflect the different decisions and opportunities regarding priorities that a household will have to make whenever they have resources to invest in household items; and, 3) have the potential for a "wide" amount of variance between each household.
The latter criterion is very important because an index without much household-to-household variance is unlikely to be statistically significant in any analysis of the impact of bed nets upon healthcare expenditures. For example, because most houses in the study area have thatch roofs, an index consisting only of a valuation of the roofing material would have almost no difference between households, and thus would not likely be statistically related to differing levels of healthcare expenditures. Roofing material is, however, a good "candidate" for inclusion in a multi-item index because it does reflect a relatively large household-level investment (criterion 1). Further, the amount spent on roofing (e.g., metal versus thatch) is a choice that can impact other important household investment decisions-save money on the roof and purchase some goats is an example of such decisions.
Data sources. At the beginning of 1996, a large-scale trial in the Asembo Bay area of western Kenya was started to test the impact of insecticide-impregnated bed nets on malariaassociated morbidity and mortality among children < 5 years of age. 2 One of the first tasks of the project team was to conduct a baseline census. This census was conducted in February-March 1996, and included questions that can be used to construct an index of relative wealth.
Definition of household and compound: units of analysis. Because bed net use by children is likely to be overseen by the child's mother, the bed net project's primary unit of ob-ECONOMICS OF BED NETS IN PREVENTING MALARIA IN CHILDREN servation was the subunit within a family compound termed "household." This household is usually a wife and her children and any other children in her care. A family compound, then, is made up of a number of households. When considering the resources available to a family to prevent and treat malaria in children, both household and compound are of interest. In the initial census, 6,751 compounds comprising 18,218 households were identified and included.
Variables used to construct the index. The first two indicators used in the wealth index recorded the materials of the walls and roof of the house in which the respondent lived (e.g., brick, mud, metal, thatch). The respondent was then asked to enumerate the number of radios, televisions, bed nets, bicycles, and sofas owned (the term sofa usually means a set of furniture consisting of a small settee and two armchairs; however, some respondents may have given the number of individual armchairs). The final set of data used in the wealth index concerned the numbers of cattle, goats, sheep, and donkeys owned by the respondent's family on the day of the interview. This group of items satisfied our criteria 1 and 2 for inclusion into the wealth index.
Since 98.5% of households did not own a television set, the data collected regarding television ownership were excluded from the index (i.e., the item failed criterion 3). The census survey collected data on two different types of radios, differentiating between those with one or two speakers. Because the latter are more expensive, it is assumed that ownership of the two-speaker radio was an indicator of status and wealth. However, since less than 8% of households reported owning a two-speaker radio, ownership of both types of radios were combined into a single variable.
The questionnaire also included questions concerning the ownership of the house (rented, owned, "borrowed"), and if rented, for how long. However, less than 5% of households reported renting their houses, with over 95% of respondents stating that they either owned or "borrowed" their houses. Since occupancy and ownership of land and dwellings in rural Africa are often not clearly defined by the exchange of monetary instruments and legal documents such as title deeds, valuing ownership of dwelling was excluded from the analysis. Instead, we included in the wealth index the equivalent cost of constructing a dwelling.
Valuing roofs and walls. A local building contractor (Omir M, personal communication, February 1997) was asked to provide separate estimates for placing a metal or thatch roof on a 12Ј by 15Ј dwelling, as well as constructing the exterior walls, with one internal partition, using either brick and cement or wooden poles and mud. The contractor supplied lists and local market prices of materials for each job using February 1997 prices (Kenya shillings [KSH] ). Also supplied were estimates of the amount of labor required for each job, broken down into skilled worker-days and helper days. An owner wanting a metal roof or a brick walled house will typically employ a skilled local contractor (a "fundi" in local terms) and his helpers, often in the ratio of two skilled workers to one helper. Labor inputs for these jobs were valued at February 1997 local market prices.
An informal survey of some local residents confirmed that, as is typical in much of sub-Saharan Africa, most thatch roofs, wooden pole, and mud walls are constructed by the owner with help from friends, family, and neighbors. Friends and neighbors donate their time in the expectation of reciprocal help in the future, or as "payment" for help given to them earlier. The person whose roof or walls are being built is also typically expected to provide food and drink to the helpers, often in a post-construction party setting. Given the difficulty of finding convincing alternative "shadow prices" for the labor used in these constructions, it was decided to value the labor used in these projects using the same rate for the metal roof and brick walls.
Valuing household goods. A brief survey of shops in Kisumu, the nearest substantive-sized town to the Asembo area, was conducted to provide a range of prices for radios (one speaker with cassette-tape player), Kenyan-made bicycles, and locally made sofa sets. To avoid being quoted inflated prices, a local employee was used to obtain most of the quotes.
Valuing livestock. From July through December 1997, and in January and February 1998, four local markets in the Asembo area were surveyed once each month to obtain a list of local prices for produce, including the market price for one adult female goat and one adult cow. The average price of a cow was then used to value each cow and donkey reported in the bed net census, and the average price of the goat was used to value each recorded goat and sheep.
Constructing an index of relative wealth. The list of items included in the wealth index owned by each household were valued and then summed together to provide the wealth index for that household. Note that we did not adjust the value of any item for age and condition, since that would have required additional interview time and enumerator training. The indices for individual households were then aggregated to a compound level. Descriptive statistics for individual items as well as the indices were then calculated.
Ethical considerations and informed consent. The project protocol was reviewed and approved by the institutional review boards of the Kenya Medical Research Institute (Nairobi, Kenya) and the Centers for Disease Control and Prevention (Atlanta, GA). Written, informed consent was obtained from caregivers for each participating individual and household.
RESULTS
Livestock.
The most notable feature regarding livestock ownership is that a large percentage of the livestock counted in the census is owned by a relatively small proportion of households. Of the 36,296 head of livestock reported on the day of census (Table 1) , approximately 46% of these animals were owned by 5.4% of households surveyed. The 75th percentile was two head of livestock per household, which was also the mean (Table 1) , and approximately 64% of households reported owning none of the four species recorded (median and mode of "all livestock" ‫ס‬ 0 head, Table 1 ).
The distribution of livestock was also very skewed at the compound level. Although the mean number of head per compound was 5.38 head, the median and the mode are 3 and 0 head, respectively (Table 2) . Seventy-five percent of the compounds own seven or less head of livestock, and account for approximately 29% of all livestock in Asembo (Table 3) . Approximately 14% of the compounds owned 48% of all livestock (Table 3) .
Dwellings. Sixty-five percent of all households had a house made with mud walls and a thatch roof, 20% had mud walls and a tin roof, and 14% had brick walls and a tin roof. Less than 1% had brick walls and a thatch roof. The mean number of dwellings per compound was 2.7 (SD ‫ס‬ 1.81), with the median and mode both equal to 2. The 25th and 75th percentiles of the number of dwellings were equal to 1 and 3, respectively ( Table 4 ). Note that the storehouses and other buildings were not recorded.
Household goods. Seventy percent of all households and 46% of all compounds reported owning no radios. Thirty-two percent of all compounds reported owning one radio, and an additional 14% owned two radios. Sixty-eight percent of all compounds reported owning no sofas, while 6% and 8% had one and two sofas, respectively. Some 0.5% of the compounds reported owning seven or more sofas; the maximum reported was 20 sofas. Thirty-one percent of all compounds reported owning one bicycle, while 12% reported owning two or more bicycles, and 76% reported owning no bicycle.
Wealth index. Table 5 provides the valuations of the items used to construct the wealth index. Note that the KSH 15,000 value of a metal roof is approximately equal to the value of an entire traditional house (thatch roof and mud and wooden pole house) ( Table 5 ). The 15,200 total index value of a traditional house is equal to the mode of the wealth index for both the household and compound level (Table 6 ). For both household and compound levels, there is approximately a 7.5 fold difference between the 20th and 90th percentiles of the wealth index (Table 6 ).
DISCUSSION
The most striking feature from this data set is the relative poverty of a large proportion of households and compounds. The median number of houses per compound was approximately 2 (Table 4) , which have a minimum index value of KSH 30,400 (wooden poles, thatch roof, Table 5 ). This would leave a maximum of KSH 47,200, from the median compound-level index of KSH 77,600 (Table 6 ). This is less than the value of four cows ( Table 4 ), demonstrating that many compounds do not have a great number of items included in the index.
It is true that the wealth index did not include a number of other items, such as beds and lanterns, that could have met the three criteria for inclusion (listed earlier). The wealth index could have also been refined by making adjustments for age and condition of each item included in the index. Expanding the list of items and adjusting their values for age and condition, however, would have considerably lengthened the time needed for interviewing a household. Adjusting values for age and condition for a wide variety of items (e.g., cattle and radios) would have required extensive additional training of the enumerators and a validation procedure to ensure that such adjustments were being conducted in a uniform manner.
Perhaps the most important limitation of the wealth index is that it does not measure a family's cash flow, which may be the single most important factor affecting a household's decision to purchase health care. Nonetheless, anecdotal evi- 
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dence from the Asembo area strongly suggests it is a common practice for households to invest any surplus cash in the type of items used to construct the index. This would be typical for many parts of east and southern Africa. Thus, low levels of investment are considered indicative of compounds having relatively little "surplus" cash with which to invest. Consequently, households may not consider investments in bed nets to be their highest priority. A "typical" family has many unfilled basic needs, and purchasing those needs will compete with spending any "surplus" income on bed nets.
